Abstract. this study of patients with advanced non-squamous non-small cell lung cancer (nsclc) evaluated epidermal growth factor receptor (egFr) mutation status and two serum markers, serum insulin-like growth factor 1 (IgF1) and IgF binding protein 3 (IgFBp3), for their associations to response to gefitinib therapy and for their prognostic impact. An immunoradiometric assay determined levels of IgF1 and IgFBp3 in serum from 68 patients with advanced non-squamous NSCLC. The peptic nucleic acid locked nucleic acid clamp method determined their EGFR somatic mutation status. We evaluated the relationship between each independent clinicopathological variable and the response to gefitinib therapy and the risk factors associated with prognosis. Having IgF1-positive serum as determined by the 75th percentile and having wild-type egFr were both independent negative predictive factors for geftinib treatment by multivariate logistic regression model analysis. Both having serum positive for IgF1 as determined by the 25th percentile and having wild-type egFr were significant independent negative prognostic factors for survival based on multivariate analysis. We demonstrated that having IgF1-positive serum predicts a negative response to gefitinib therapy independent of EGFR mutational status. We also demonstrated that both IGF1-positive serum and wild-type egFr were independent poor prognostic factors in patients with non-squamous nsclc who received gefitinib therapy.
Introduction lung cancer, a major cause of cancer-related mortality worldwide, is expected to remain a major health problem for the foreseeable future. Chemotherapy is the cornerstone of management of the disease. However, its therapeutic impact on patient survival has been modest. Recent discoveries have provided a greater understanding of the molecular basis of the disease. These have yielded successes in treating advanced non-small cell lung cancer (nsclc) through the two small molecule tyrosine kinase inhibitors (tKIs), gefitinib and erlotinib, against epidermal growth factor receptor (egFr) (1) (2) (3) (4) and through the monoclonal antibody to vascular endothelial growth factor, bevacizumab (5) . Many reports have indicated that EGFR-TKIs have significant efficacy in specific subgroups of patients, including Asians, patients with adenocarcinomas, non-smokers, and women (3, 4, 6) . the presence of somatic mutations in the egFr is a strong predictor for both clinical and in vitro sensitivity to egFrTKIs (1) (2) (3) (4) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) .
Insulin-like growth factors (IgFs) are mitogens that have a critical role in the regulation of cell proliferation, differentiation and apotosis (19) . The actions of IGFs are dependent on the presence of a specific cell surface receptor, the IGF1 receptor (IGF1R). The interaction between IGFs and IGF1R is regulated by IgF binding proteins (Bp), with at least 90% of circulating IgF1 bound to IgFBp3, which is the major binding protein in plasma (20) . Recent epidemiological studies have shown that high levels of serum IgF1 are associated with an increased risk of cancer (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) , but very few studies have addressed the association of the serum levels of IgF1 and IgFBp3 with the survival time of patients with advanced NSCLC.
the IgF1r pathway has also been shown to exhibit cross-talk with a number of other signaling pathways including EGFR pathways. Targeting IGF-IR/IR signaling with BMS-754807, which is a potent and reversible small-molecule TKI of the IGF-IR/IR family kinases having a wide spectrum of antitumor efficacy (36) , has resulted in cancer cell growth inhibition both in vitro and in vivo. This drug is currently in (38) . to the best of our knowledge, there are no reports evaluating the effects of IGF1 and IGFBP3 on EGFR pathways. We hypothesized that serum IgF1 and IgFBp3 may be surrogate markers for response to gefitinib, independent of egFr mutational status, and may be involved in the development of NSCLC. In this study, we retrospectively examined the association between serum IgF1 and IgFBp3, and the response to gefitinib of patients with advanced NSCLC as well as evaluated their prognostic impact.
Materials and methods
Study population. Sixty-eight patients with advanced nonsquamous NSCLC who were treated with gefitinib between december 2003 and November 2009 at Kyoto university Hospital were enrolled in this study. The Standard Response evaluation criteria in solid tumors was used for response evaluation. Trans-bronchial specimens from all patients were available for analysis of EGFR somatic mutations. Serum samples were collected from all the subjects before treatment with gefitinib and stored at -80˚C. Written informed consent pertaining to the utilization of clinical materials was obtained from all patients. The Ethics Committee of Kyoto university Hospital approved the study, and it conforms to the provisions of the declaration of Helsinki in 1995.
Immunoradiometric assay of IGF1 and IGFBP3. All the samples were assayed by trained staff at a single laboratory (The SRL, Inc., Hachioji, japan). Serum levels of IGF1 and IgFBp3 were measured by immuno-radiometric assay using commercially available kits (daiichi Radioisotope Laboratories, Tokyo). The mean intra-assay coefficient of variation on quality control serum samples was 2.3% for IGF1 and 8.7% for IGFBP3. The range of reliable measurement was 4-2,000 ng/ml for IGF1, and 0.07-10.10 µg/ml for IGFBP3. The intra-and inter-assay coefficients of variation were 2.15-3.53 and 1.21-4.11% for IGF1 and 3.16-4.19 and 5.28-8.89% for IGFBP3, respectively.
Analysis of EGFR somatic mutations. dNA was extracted from cancer cells obtained from paraffin-embedded biopsy specimens by manual micro-dissection using a modification of the phenolchloroform extraction method (13, 14) . Briefly, tissues that had been formalin-fixed and paraffin-embedded were cut into 5 µm sections and mounted on pretreated glass slides. one slice was used to confirm the presence of cancer cells under a microscope and the others were for dNA analyses. Non-cancer cells and necrotic portions were manually removed from the slide under the microscope. The slides were deparaffinized and dNA was extracted by precipitation with phenolchloroform and ethanol.
to detect egFr mutations in the large background of wild-type egFr genes derived from normal cells, we adopted the peptic nucleic acid locked nucleic acid (PNA-LNA) polymerase chain reaction (PCR) clamp method (39) . Briefly, PNA clamp primers inhibit amplification of the wild-type sequence, and LNA probes are used to specifically detect mutant sequences in the presence of wild-type sequences. A synergic effect of these primers causes specific PCR amplification of mutant sequences. Specific PNA-LNA probe sets to each mutation were developed to cover >95% of the EGFR mutations previously reported in japan (40) . PCR products from both conventional PCR and the PNA-LNA PCR were purified and directly sequenced on an ABI PRISM 3100 automated capillary sequencer in both the sense and antisense directions.
Statistical analysis. the univariable relationship between each independent variable was examined using either the χ 2 test or the Fisher's exact test. A multivariable logistic regression model was applied to estimate odds ratios (ors) and 95% confidence intervals (CI). only those variables with P-values <0.10 by univariable analysis were included in the multivariable analysis. All tests were two-tailed and P-values <0.05 were considered statistically significant. to evaluate risk factors associated with prognosis, a cox proportional hazards regression model with a step-down procedure was used. Proportional hazards assumptions were checked and satisfied; only those variables with statistically significant results in the univariate analysis were included in the multivariate analysis. The criterion for removing a variable was the likelihood ratio statistic, which was based on the maximum partial likelihood estimate (default P-value of 0.05 for removal from the model). Survival time was calculated from the date of diagnosis. Survival curves were determined using the Kaplan-Meier method. The log-rank test allowed us to evaluate the differences between survival curves. All preceding statistical analyses were performed using jMP 6 software (SAS Institute, Cary, NC, uSA).
Results
the characteristics of the 68 enrolled patients are shown in Table I . All the patients were japanese, treated with 250 mg gefitinib daily, and had a median age of 67 years (range 34-82), comprising 30 (44.1%) men and 38 (55.9%) women. Enrolled patients had either adenocarcinoma (n=62, 91.2%) or unspecified NSCLC (n=6, 8.8%). Forty (58.8%) patients were non-smokers and 28 (41.2%) patients were former or current smokers. The Eastern Cooperative oncology Group (ECoG) performance status (ps) was 0-1 for 63 patients and >2 for 5 patients. A total of 49 (72.1%) patients had been treated with at least two regimens of chemotherapy and 19 (27.9%) patients had received gefitinib therapy as the first-line regimen.
the serum levels of IgF1 and IgFBp-3 are shown in Fig. 1 . Positive or negative serum markers were determined by the cut-off values of 118.0 ng/ml for serum IGF1 and 1.94 µg/ml for serum IGFBP3. These cut-off values were set by drawing receiver-operated characteristic (roc) curves according to optimal diagnostic accuracy and likelihood ratios. These ratios discriminated progressive disease (Pd) cases from disease-controlled (dC) cases [partial response (PR) + stable disease (Sd)] (Figs. 2-3) . The positive or negative serum haemostatic parameters were also determined by the cut-off values for the 25th, 50th, and 75th percentiles, which were 96.75, 124.50, and 172.75 ng/ml for serum IGF1 and 1.64, 1.98, and 2.38 µg/ml for serum IGFBP-3. Positive egFr somatic mutations include l858r in exon 21, and del 746-750 and del 752-759 in exon 19 .
the associations between clinicopathological factors and responses to gefitinib therapy are shown in (Table II) .
the median survival time of the patients with IgF1-positive serum was significantly shorter than those whose plasma serum was IGF1-negative (P=0.0399 by log-rank test; Fig. 4) . Likewise, patients with mutated EGFR had a better median survival time than those with wild-type egFr (P=0.025 by log-rank test; Fig. 5 ). data were available from 68 patients for a cox regression analysis to determine the correlation between patient prognosis and the clinico- .0023) were significant independent negative prognostic factors for survival.
Discussion
We found that having serum positive for IgF1 and having wild-type egFr are independent predictors of poor response to gefitinib therapy. We showed that these same factors are independent factors for poor prognosis in survival of patients with advanced nsclc who were consequently treated with gefitinib. the IgF1r pathway has been shown to exhibit cross-talk with a number of other signaling pathways, suggesting a possible role in mediating resistance to therapeutics targeting these other pathways. In particular, up-regulated IGF1R expression in response to an egFr inhibitor results in sustained activation of the pI3K pathway and resistance to the cytotoxic and anti-invasive effects of EGFR inhibition (41) . In addition, it has been shown that cell lines with an epithelial phenotype and strong dependence on AKT signaling have strongly synergistic effects both in vitro and in vivo when egFr and IgF1r inhibition are combined (42) . Similar synergistic effects have been reported when an egFr inhibitor was combined with the IGF1R TKI BMS-536924 in a panel of sarcoma cell lines (43) . our result that IgF1-positive serum was a predictor of poor response to gefitinib therapy may confirm previous findings that an up-regulated IGF1R pathway causes resistance to gefitinib through the inhibition of the EGFR pathway. Also, serum IGF1 may be a surrogate marker of activated IGF1R pathway.
At the cellular level, IGF1 and its binding proteins have effects on cell proliferation, differentiation, and the prevention of apoptosis through the activation of various intracellular signaling pathways, including the Ras/Raf/MAP kinase and the phosphoinositide-3 kinase pathways (44) . Several studies have shown the serum concentrations of IgF1 and IgFBp3 to be linked with increased risks of breast (21) (22) (23) , prostate (24) (25) (26) , colorectal (27) (28) (29) , ovarian (30, 31) , and pancreatic cancer (32) (33) (34) (35) . For lung cancer, Yu et al (45) reported that the relative risk of lung cancer for the interquartile range of IgF1 serum concentrations was 2.0. After adjustment for IGFBP3, the odds ratio was 2.75. However, the New York university Women's Health Study Cohort could not find an association between serum IgF1, IgFBp1, IgFBp2, and IgFBp3 and lung cancer in women (46) . Most studies have focused on the risk of cancer relative to the plasma concentrations of IGF1 and IGFBP3. There have been no reports evaluating the prognostic impact of serum IgF1 and IgFBp3, especially in advanced lung cancer patients. In our study, having IGF1-positive serum indicated a poor prognosis independent of EGFR mutational status. This result may be explained by the up-regulated IgF1r pathway, which proliferates and prevents apoptosis such as in pancreatic cancer (47) and induces the resistance of EGFR-TKIs.
IgFBp3 is a key determinant of the availability and actions of IgF1, and it is also a potent antiproliferation agent in the cellular environment (48) . To date, most epidemiological studies examining cancer risk relative to IgFBp3 have demonstrated that lower serum levels increase cancer risk (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) . In our study, the serum concentration of IGFBP3 did not have a prognostic impact nor serve as a surrogate marker for the effectiveness of gefitinib therapy. From a biological perspective, IgFBps inhibit IgF1 action by competitive binding, which reduces bioavailability. However, in some cases, IgFBp3 acts independently and may both blockade the cell cycle and induce apoptosis (48) . In the presence of IGFBP protease, IgFBp3 also has the ability to stimulate the growth of cancer cells (49) . These dual regulatory effects of IGFBP3 on IGF-I may explain our study.
the limitations of our study include a small sample size, the heterogeneity of the treatment regimens, and the retrospective nature of the study. We were able to show associations between the concentration of IgF1 and both response to gefitinib treatment and prognosis. However, the cut-off level of IGF1 differed for these findings. only a prospective study with more strict criteria for the selection of cases could settle these limitations.
In conclusion, we demonstrated that the status of serum IGF is a predictive factor for response to gefitinib therapy independent of EGFR mutational status. In addition, we found that having IgF1-positive serum and having wild-type egFr were independent negative prognostic factors in patients with non-squamous NSCLC. In the future, the therapy of choice for patients with advanced nsclc may be inhibiting IgF1 combined with egFr-tKIs regardless of egFr mutation status.
